This research aims to study the catalyst activity in specific reactions and the characteristics of the catalyst in order to optimize its performance. This research investigates PVP based catalysts and their properties and applications. PVP was prepared in combination with different metal oxides in order to be tested for different catalytic applications including dye removal. Methyl orange was used as a dye and different concentrations were tested against different metallic ions in order to optimize the catalyst for being used in dye removal applications. Spectrophotometer was used to calculate the concentration of the dye before and after catalyst exposure and investigate the relation between contact time and concentrations. Applying different contact time to the same weight percent of PVP based catalyst with metallic ions revealed that increasing the contact time with a good shaking leads to decrease in the concentration of the dye mixed with the sample. The tests showed that the mixture between PVP and Nickel has the best dye removal within the other metal ions (copper and ferric) as well it showed that ferric has the least effect on dye removal. Wide angle x-ray diffraction (WA-XRD) was applied to different sample copper with PVP and ferric with PVP.
INTRODUCTION
Textiles and waste water have dyes that could cause hazards and a lot of harm to the environment and to livings [1] [2] [3] [4] [5] . These dyes should be removed in order to decrease the harms by different techniques and applications used in dye removal and one of them is by PVP based catalyst mixed with different metal ions [6] [7] [8] [9] [10] [11] [12] .
Polyvinyl pyrrodine PVP, which is also known polyvidone. The PVP is a polymer which is soluble in water [7] [8] [9] [10] [11] [12] [13] [14] . This polymer contains and made of monomer called Nvinylpyrrodine [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . PVP was structured and made at the first by scientist named Walter Reppe in 1939 by derivations of the acetylene [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . It was first been used as a substitution for blood plasma then it started to have more and a variety of applications and uses. PVP is dissolvable in water and other polar solvents [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . For instance, it is dissolvable in different alcohols, for example, ethanol and methanol, just as in progressively intriguing solvents like the profound eutectic dissolvable framed by choline chloride and urea. At the point when dry, it is a light flaky hygroscopic powder, promptly engrossing up to 40% of its load in barometrical water. In arrangement, it has brilliant wetting properties and promptly shapes films. This makes it great as a covering or an added substance to coatings [47] [48] [49] [50] [51] [52] [53] [54] [55] .
Polyvinylpyrrolidone (PVP) having (Mw) from 2500 to around one million is for the most part gotten by radical polymerization in arrangement. The higher atomic weight type items are polymerized in watery (aquatic) arrangement generally utilizing hydrogen peroxide as initiator [56] [57] [58] . The polymers in this way acquired have hydroxyl and carbonyl end gatherings. Increasingly steady end gatherings can be acquired by polymerization in solvents, which may go about as chain exchange operators and which produce low atomic weight type items [59] [60] [61] . Copolymers particularly with monomers, for example, vinyl acetic acid derivation and with different acrylic mixes may likewise be delivered by arrangement polymerization. Popcorn polymerization prompts insoluble PVP. In this way, VP is polymerized without initiator within the sight of little measures of bifunctional monomers [64-66]. The polymeric chips therefore shaped are exceptionally cross-connected, mostly because of entrapments.
The sub-atomic weight appropriation of dissolvable PVP is expansive because of exchange responses. A bizarre property of PVP is its dissolvability in water just as in different natural solvents. The glass progress temperature of high sub-atomic weight polymers (Mw=1 million) is about 175°C and tumbles to values under 100°C with diminishing sub-atomic weight Mw=2500). PVP frames buildings with different mixes, particularly with H-benefactors, for example, phenols and carboxylic acids. The complex framed with cross-connected PVP and polyphenols is utilized economically for the elucidation of refreshments. Another business use is the complexation of iodine with straight PVP, which prompts compelling disinfectants of exceptionally low danger. Further vital utilization of PVP in the pharmaceutical field are their utilization as official or film framing specialists for tablets, and as solubilizing operators for infusions.
The swelling capacity of cross-connected PVP in water is utilized in crumbling operators for tablets. In the corrective field, PVP polymers are utilized as film formers for hair dressing items. Instances of specialized applications are glues, material helpers and scattering operators. PVP has many uses and applications most of them are used in our daily uses and others are used in the manufacturing of some huge products. One of the known and famous applications of PVP is in medical issues. It has an important role in the pharmaceutical tablets as it is used as a binder as it has the ability to passes smoothly through the body when tablets are swallowed. Mixing PVP with iodine in order to form a compound named povidone iodine that contains antiseptic property. This compound has a widely usages as it can be used as liquid hand soaps and scrubs in surgeons. The most common name and the most widely known name which is used as daily antiseptic is Beta dine, as it has a high degree of safety, available and low cost. The PVP acts as a good lubricant that is why it can be used in eye lenses and their solutions as it can reduce the friction. As well it may be used in some eye drops products.
PVP has many other practical uses and application such as it acts as a reducing agent and distributed in NPs mixture, has a role as a stabilizer in the in organic solar cell, increase the solubility of the drugs so it can be used as an aid, can be used in gels for tooth as a thickening agent, it has an important role in agricultural process as it acts as a binder which helps in crop protection, and can be used as an additive in many products such as inkjet papers, ceramics and batteries.
EXPERIMENTAL SECTION
PVP dissolved on 100 ml distilled water was added to metal ions dissolved in distilled water and the mixture was stirred for 2 -3 minutes. After mixing them well, 500 µL hydrazine hydrate was added and heated using microwave for 5 minutes using 30s intervals, then mixture was dried at oven. Methyl orange of concentration 50 ppm was prepared in distilled water using a different weight of different metallic ions adding to them methyl orange with 50 ppm concentration. Then, samples were put on the shaker for different time (10, 20, 30, 40 and 50 minutes). Finally, Spectrophotometer was used to measure the new concentrations, and a curve was drawn between the contact time and the concentrations showing the effect of contact time on concentrations.
RESULTS SECTION

XRD Characterization.
XRD diffraction pattern of copper chloride nanoparticles, which was prepared using microwave-assisted synthesis and characterization of (CuCl) was achieved by XRD pattern of catalyst sample as shown in figure 1. XRD of CuCl match that reference code is 01-081-1841 corresponding to cubic structure and the diffraction peaks are ascribed to the (111), (200), (220), (311), (222), and (400). Table 1 shows the concentration calculations for copper based catalyst supported on 20 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 3. Table 2 shows the concentration calculations for copper based catalyst supported on 60 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 4 . Table 3 shows the concentration calculations for copper based catalyst supported on 80 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 5 . Table 4 shows the concentration calculations for copper based catalyst supported on 90 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 6 . The effect of time on concentration in ppm for iron based catalyst supported on 90 wt% PVP was represented schematically as shown in Figures 9 . It is obvious that by increasing the shaking time, the concentration is increasing. as shown in figure 10 Table 5 shows the concentration calculations for nickel based catalyst supported on 20 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 11 . Table 6 shows the concentration calculations for nickel based catalyst supported on 40 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 12. Table 7 shows the concentration calculations for nickel based catalyst supported on 60 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 13 . Table 8 shows the concentration calculations for nickel based catalyst supported on 80 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure 14 . Table 9 shows the concentration calculations for nickel based catalyst supported on 90 wt% PVP. It is obvious that by increasing the shaking time, the concentration decreases as shown in figure  15 . In order to find the wave length of the methyl orange this curve was obtained by using the Spectrophotometer by applying the dye (methyl-orange) in the device and start to gain the reading of the wave length curve it showed that peak of the curve was 465 nm which fits with the known wave length of methyl orange in the books done by scientist as shown in figure 16 . The methyl orange has been prepared with concentration 50 PPM by applying the equation MV=MV to obtain the needed concentration. Figure 18 shows the dye removal practically and by visual inspection as the color of the methyl orange has been removed and no orange color remains. The figure as well shows the degradation of the color according to the contact time between the dye (methyl orange) and the mixture of PVP with the metal ions. The figure shows same sample with same concentrations and the same mixture of PVP with metal ions but mixed with dye (methyl orange), the difference between them is the contact time between (10, 20, 30,40and 50 minutes) . In order to get the best contact time between the dye and the mixture it should be held in a shaker with proper RPM. The resulted graphs show that the best curves were obtained from the nickel better than both ferric and copper. It also shows that ferric has the least proper curves because iron is known to have some problems when mixing with other chemical compounds based on previous experiments and articles. The graphs also show some errors in different points that lead not having a straight line that because of deactivating the catalyst as the catalyst adsorb the dye and after a certain time it does not keep the same amount adsorbed but it releases some amount of the dye in the solution again. The graphs show that by decreasing the amount of PVP weight and increasing the weight percent of the metal ions that lead to more dye removal.
Iron Based Catalyst Supported on PVP.
Nickel Based Catalyst Supported on PVP.
The standard curve in Figure 17 shows the relation between concentrations and absorbance. The curve was obtained by applying different concentrations of methyl orange and obtains its absorbance. This curve makes the reading of concentrations more easily when applying the samples as the absorbance hit the curve and read the concentration. The curve gave R 2 =0.9805 which is acceptable.
CONCLUSIONS
An efficient method was adopted to generate a highly active nanoparticle based catalyst supported on graphene as ideal support. The Pd-Fe 3 O 4 /G catalyst was synthesized via using hydrothermal synthesis technique. Furthermore, the recovery and the recycling process of the catalyst could be implemented up to seven times with high catalytic activity near 100% thus providing high economic viability. It can be easily concluded from characterization that palladium nanoparticles and magnetite nanoparticles are uniformly dispersed onto the surface of graphene nanosheets.
This easy and efficient recycling process of the catalyst is simply due to the magnetic properties of magnetite, thus lead to achieving high yields over different substrates for Suzuki cross coupling reactions. 
